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OSED No, 6370 

j • DIVISION 9 ■ 
•■:■-.•' ' . KfcTIONAI. DEFENSE RESEARCH C0IS.03TSE 

■ "'■■-..■ »■■ .■ of-the. , ■' , 
' OFFICE OF SCIENTIFIC RESEARCH AND DEVELORffiNT ... 

TUB PREPÜÄTION OP SOUE COÜPOUNPS FOR TESTING AS INSECT REPELLENTS 
...  « ■ ■ «    t    ■• ••■   • ■ •■■■• 

Service Directives, (HB-52 and SQ«6 

Endorsement..(1) Dr. Joseph Deer, Technical Aide, Division 9 to Dr. l&Lter 
R. Kirnor, Chief, Division 9,.'. 

Forwarding report and notinpt - *,....     * ' ;■*'* 

"Reported herein is the subaittal of 651 organic compounds, mix- 
tures and creams for testing as insect .ropellants.. The, report, 
includes directions for preparation of these materials, their in- 
soct repellcncy testing data and a discussion of the relationship 
of chemical structure and physical properties to insect repellent 
effectiveness« 

"Among the promising candidate insect repellents tested after 
application to skin 0-6133, 0-6154, 0-6168, 0-6216, 0-6230 and 
0-6252 have "passed" acute toxicity tests and have been submitted 
for 90-day subacutc toxicity studies. 0-6109, 0-3152, 0-6217, 
0-6226, 0-6254 and 0-6263 have "passed" (some viith reservations) 
acute toxicity tests but have not been submitted for 90-day sub- 
acute toxicity studies. 0-6210, 0-6316, 0-6319, 0-6358, 0-6397, 
0-6484, 0-6498, 0-6500 and 0-6503 have been submitted for acute 
toxicity tests, still to be couplf.tud. Sevonty-one other compounds 
whose average ropellency times ranged from 181 to 352 minutes against 
Acdes aegypti v/ere not subnittod for acute toxicity tests, Among 
the compounds tested after impregnation in cloth fourteen v.rorc re- 
pellent against 4* aegypti more than ten days. 

"When the NDRC, Division 9 program on the preparation of candi- 
date insect repellents was terminated shortly after the end of 
the v/ar vdth Japan insect repollency data from the field and 
further toxicity data were needed to evaluate adequately the 
promising candidate insect repellents prepared under tills con- 
tract* Toxicity studies are being made. Additional quantities 
of some of the promising compounds vrauld have to be prepared for 
repelloncy tests in the field and toxicity studies. 

"The insect ropellency data rrore obtained by the U. S. Depart- 
ment of Agriculture, Bureau of Entomology and Plant Quarantine, 
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Division of Insects /«ffoctins Ifrvn and /ailnals at Orlando, Florida. 
The irritancy and toxicity data i7ere obtained by tho Food and Drug 
i'*dninistration, Division of Pharmacology in Vfeshincton, D. C. and 
are presented in detail in their reports» 

"Tho studies described in this report were part of a NDRC, Division 
9 program (OBRD Formal Reports No. 5285, 6367, 6368, 6369, 6570, 
and 6571) to find insect rorxjllcnts more effective than the 6-2-2 
mixture used by the .'jrmed Services* The insect repellency data in 
tho aforementioned reports and other insect repellency data are 
given in reports by the Bureau of Entomology and Plant Quarantine 
and the Naval Medical Research Institute»" 

(2) from Dr. TÄltor R. Klrncr, Chief, Division 9 to Dr. Irvin 
Stewart, Executive Secretary of tho National Defense Research Committee 

Forwarding report with approval« 

This is a final report under Contraot 9-494 OELIsr-1305- with tho University 
of LbrylaixW 
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SUMMARY 

1.    Al of October,  1945, 631 oompounds, mixture» and oreams were 
submitted as candidate repellents.    More than 600 of these were individual 
oompounds.    Of this number 109 were repellents; these oompounds passed the 
minimum requirements  (180 minutes to the first bite vs. Aedes or I2O minutes 
Ts. Anopheles or 10 days to the first bite vs. Aedes  in oloth tests), 

2«    Our results have led to the oonolusion that in seleoting a 
candidate repellent oonsideration should be given to boiling point and 
functionality.    In general a oandidate should have a boiling point in the 
range of 90-130°/0.5 mm. and should be polyfunotional.    In one group, chosen 
with regard to these criteria,  $\& of the candidates submitted were repellent. 

3.    It would appear that the limiting faotor to repellent time is the 
rate of absorption of the repellent by the skin rather than the volatility 
or ohemioal struoture of the repellent.    Absorption thus seems to set an upper 
limit of about 400 minutes on repellent time. 
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INTRODUCTION 

The work on this projeot,  dlreoted toward the development of a 
satisfactory mosquito repellent» was begun la June.   1944«    The ideal 
repellent as defined by the Army was to be odorless«  or have a mild odor, 
have no undesirable oharaoteristloS on application to the skin« be non- 
toxio and be repellent to all species of mosquitoes for at least twelve 
hours«    At the time that our work began a large number of individual 
ohemioals and industrial products had been tested for inseot repellenoy at 
^rlando, Florida«    These results were compiled and arranged aaoording to 
ohemioal groups and  served as a basis for future work«    The Army had in 
current use a repellent« 6??, whioh was effeotive for about two hours« 

The first prooedure adopted in the seleotion of candidate 
repellents«  for laok of a theory relating struoture to repellenoy, was the 
preparation of homolog« and.analogs of compounds whioh had indicated 
repellent properties«    The seoond prooedure was the selection and prepa- 
ration of compounds for whioh there were no precedents« this prooedure 
being a random search for suggestions for future work.    The results of all 
oooperating laboratories were made ourrently available through the medium 
of a oard index distributed by a coordination oenter«    On the basis of. 
accumulated data oertain ohemical and physioal prerequisites of a repellent 
were developed and were used in the later seleotion of candidates«    A list 
of proposed candidates was submitted befere preparation to the'ooordination 
oenter to avoid duplication in preparation« 

Compounds seleoted as candidates were prepared in amounts of 30 g« 
eaoh for preliminary tests for irritanoy-and repellenoy«    Five gram samples 
were submitted,  after October-, 1944r to the Pure Food and Drug Administration 
in Washington for preliminary irritanoy tests«    Simultaneously ?5 g> samples 
were sent to Dr. Khipling at Orlando, Florida for repellenoy test6«    Compounds 
whioh were of interest were requested in amounts of 500 g.  for aoute toxioity 
tests and further repellenoy tests«    Those compounds whioh were relatively 
non-toxic  and still were of  interest because of their repellenoy values were 
then requested in amounts of 4 1«    Three liters was submitted for chronic 
toxioity tests and one  liter for further repellenoy testing at Florida and 
overseas« ... 

• • • 
Sinoe our primary objeotive was the preparation of«large numbers   ■ 

of oompounds  in an effort to survey rapidly the types of ohemioal oexpounds, 
no attempt was made to characterise completely the oompounds prepared or to- 
investigate  reaotions or products whioh would have been of interest in a 
olassioal approaoh»    The oompounds  submitted were prepared in a state of 
purity usually better than 95% and oharaoterized sufficiently to establish 
their identity«    In oases where the  product was  of continued  interest  and its 
identity or purity was  in doubt,  further work was carried out to fully 
establish its identity and purity. 

Inasmuch us our laboratory was e^uii-Ped for chemical synthesis, we 
often cooperated with other investigators by preparing quantities of ohemioals 
for their needs. 

An attempt has been made to use the  latest Chemical Abstract names 
in the naming of compounds throughout this report. 
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STATUS OF STUDIES 

It is the purpose of this section to outline the state of our work 
at the tine of contract termination and to indicate where further work nay 
be desirable. A list has been prepared of all compounds submitted for acute 
toxicity studies and the*ir status indicated by P ■ passed, C = caution or 
NP a not" passed. At the time the report was in progress data were not 
available for all these compounds. A similar list has been prepared of the 
six compounds prepared in amounts of 4 1. and submitted for chronic toxicity 
studies; no data have been received for these compounds. All those compounds 
which seemed to warrant further consideration on the basis of acute toxicity 
and ropcllcncy data have been submitted for chronic toxicity studies. Of 
those compounds submitted for acute toxicity on which no data arc as yet 
available, the following three compounds would be of particular interest if 
the toxicity testing data are favorablet 

6316  l,&4iexancdiol, diacotate (if further tests against Anopheles 
substantiate the DMP ratio of 2.6) 

6498  Cyclohcxanccarboxylic acid, 1-liydroxy-, 2-butoxycthyl ester 

6503  Ethanol, l-phcnyl-2-oropoxy- 

Of the many compounds which were repellent but were not submitted for further 
testing, the following two are deemed ofmspecial interest to be prepared for 
acute toxicity studiesi 

652G  1,2-Ethanediol, 1-phonyl-» 2-propionatc 

6135  Caprylic anhydride . , 

In connection with IM.S review of tho current status of our work, 
it may 'be of interest to list the laboratories -.äth which WO have co- 
operated so that a complete file of the data relating to our compounds can 
eventually be prepared* 

Table I 

Groups Receiving Samples Directly 

Dr. Copley, Norwich Pharmacal Co«, Non/ich, !I. Y. 
Dr. Bailor, Bur. of Entomology ana Plant Quarantine, 3eltsville, lid. 
Dr. Knipling, Bur. of Entomology and Plant Quarantine, Orlando, Florida 
Dr. Parker, Rocky Mountain Laboratory, Hamilton, Montana 
Lt, Pijoan, Naval Medical Research Institute, Bethesda, Md. 
Dr. Smith, Food and Drug Administration, Washington, D. C. 
Dr. Spruyt, National Academy Research Council, Washington, D. C* ' 
Dr. Yea. er, Committ..e on Inter American Affairs, .Washington, D. C. 

Further •vork on now candidate repellents is indicated from our 
results, however the scope of such work is too great to be discussed in the 
present report, and could more profitably be' done by the group contemplating 
a continuation of the jirogran. 
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Orlando 
Number 

Table II 

Compounds Submitted for Acute Toxioity Studies 

.        .    .   ,          •:•-•'   »■■">   '■• "I- '•• -'    '  '"- "  : 

 Name  Status' 

6152 Butyrio acid,  3-phenylpropyl ester _#- , P 

6263 ll5~Fentanediol,  diacetate ■    ,i 

6154 1,5-Fentanediol,  dipropionate        .   ;.   ...       -. ■-■■.•   -.-       C 

63I6 1,6-Hexanediol,   diaoetate . .-,.r. ■ .i:-.-'' 
• • ■•'.■""■»■" 

6319 1,6-Hexanediol,  dipropionate .      ...'"'    ,.;: c 

6109 Furoio  aoid,   furfuryl ester . ;' ■    ■      C 

6230 Aoetoacetio  aoid,  oyolohexyl eister .        t -.;     .■•"•.        i 

6254 1,3-Cyelchexanediol,  monopropionate C 

6500 Cyolopentaneoarboxylie aoid,   1-hydroxy-,  2-butoxyethyl ester 

6133 Cyolohexaneoarboxylio  aoid,   1-hydroxy-,   oyolopentyl ester       p 

6493 Cyolohexaneoarboxylio  aoid,   1-hydroxy-,   ?-butoxyethyl ester 

6226 Cyolohexaneaoetio  aoid,   1-hydroxy-,  butyl ester 

6220 Hydraorylio  aoid, (3-phenyl-,   methyl ester 

62I6 Hydraorylio  aoid, /2^-phenyl-,   ethyl ester 

6? 17 Hydraorylio  acid, ß-phenyl-,   isopropyl ester 

65^3 Ethanol,   l-phenyl-?-propoxy- 

62IO 6-Dodecanone,  7-hydroxy 

6l6d Sucoinamic  aoid,  N,N-diethyl-,  propyl ester ? 

6252 Sucoinamic  aoid,  N,N-dipropyl-,   ethyl ester P 

6353 Glutaramic  aoid,   W,N-diisopropyl-,  --thyl ostt-r 

6397 Glutaramio  aoid,  ",N-diisopropyl-,   propyl ostor 

61^34 Adipamio  aoid,   ^.N-diisopropyl-,   methyl ester 

F 

BT 

F 

C 
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Orlando 
Numbe r 

Table III 

Compounds Submitted for Chronio Toxioity Studies 

Name 

6154 1,5-töntanediol,  dipropionate ' 

6?30 Aofatoacetio  acid,   oyclohexyl ester 

6133 Cyclohoxanecarboxylic   aoid,   1-hydroxy,  oyolepentyl ester 

6?16 Hydracrylic   aoid,   ft-phenyl-*  ethyl ester   ■ 

6168 Suooinamio aoid»  N,.N-diethyl-,  propyl ester 

6?52 Suooinamio  aoid,. N,R-dipropyl-,   ethyl ester 
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.   FELATIOKS-HIF CF GHHSICAL STTr;CT;JE A.rD PHTSlOAL IKCr^hTIEL- 

TO XflSECT •RßFE.LLBBCY    ' ■• 

Everyone who has participated   in -trie work direott d toward- the 
development of a repellent has immediate-iy noticed some tx, parent correlation 
between a physical or chemical property  "and repellenoy.    In'general,  however, 
tr.ese early relationships did not  seem to be adeiiuate i numerous exceptions 
were rapidly evident,   until finally the proposed relationship was abandoned. 
It haehten our experience'that the only fertile eiproaoh was a statistical 
on6  and tfcat'certain relfctlbnship6',7htn appilcd"-t'o the selection of 
oandidate repellents  .vould consistantly lesult'in  obtaihint   ä higher 
percentage  of repellents,   but   at no time   «reie the  reüdlts  absolute. 

Since our'aiproaoh will be'statistioäl-'-in disoussing the factors 
v/;ich we believe  are helpful in choosing a candidate;   it will be necessary 
to oonsiaer the  souroe and validity of the repellent data and. physical 
constants  upon whiehwe base our conclusions« 

'■■■ The  people ".'ho have 'worked'vith mosniiitoes have continu-illy 
emphasized the- variability of the data  and trie r.any  factors  ■'*ich must be 
censider-.d in standardizing test o-inditioris.    ^ur own  observations con- 
cerning the factors  affecting 'fepeXleaoy data are 'culled frbmths tfäny " ' 
reports t.^ at we h.vc  r_oeiv-~d ar.d from the  large amount o-f-data on   '    • 
compounds submitted for repel lenoy tests," "e would  like to recfero.'t: ..Se 
observations under t^ree  groups, factors  affeovting "tHe  mosquito,'   fäo'tors 
offeoting  the amount  of le^sllent on the arm.'£.4 finally vari-tiohs  in 
data -s .e h-ve reoelved it. 

In noting tbe>>faetora affecting t..e   nosiu'ito,   we wish merely to 
li&t thos.e -fmotors that- we have been made' aware  of by ivadihfc V-rio-s 
reports« ■ The: fro^uciicy of totting,  the' aciuircd' •tolerunc'-c of the BOB v-iito 
for trie, repellent, -the- att>r  species  and -«.x" of the mosquito?  ti»e  conditions 
of libnt or  d&rkr JSS',  temperature «nd Kurfidlty,  the  apparent 6'easokaDle' 
variation)   all tUo&e  and no'doubt öthVr factors,   influence the results of 
tests.    For. example,  Belong Monthly Kepert Rov 9)- reports "the u..;V'zint 
result th-.t at 37° and lOCjS relative  humidity mosquito s   are "net  attr^ot.d 
by thu hu::.an  and:tr'it  attraction appends upon  a temperatuie  and  humidity 
differential between the" skin and the -atmosphere-.    Again,   in •support oT 
si.asonal v-.rij.tion,  we hj(Ve noti'oe'd" that during oertaln months the data 
reoelved from 'Orlando have been uniformly lov; -for all boopvratft&£ faborktbrivt, 
while Mb other ti.ii.-s the p-rcent..ge of repellent oompounds is greatly 
lnoreased. 

Of the  f'-ctore   «.frioting the   »mount  and distribut ion: of th^   —I   '•' 
repellent on the   ar::.,  tho  individu-1 v^ri.tion  of the t^st  6ubj.ct   it, 
Immediately apparent«    The "care of ut plic.tion,  rt^-iired to  insure an   .v^r. 
listrib 4ior., of r.;.... 11.-,t,.-. * he ■ size of the   forearm*, the amount  of h^ir 
present   ar-   important  variables.    Ti •_  rate of absorption   (-hioh v.-.ri s 
-.. ith thu  individual^ the temperature, whioh lhflilint■ vs the' rut. of peripheral 
circulation,   and» th6 = typ». of t.--i   eorpouhd b. lnL tested)'ic':j^rh-ps thö      \ 
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most Important factor in the breakdown of repellent materials*    A study 
has been made by the British  (sir P. Christophers  - British report) of 
the relation of surfaoe tension and of viscosity to repellenoy.    F.epellenoy 
did not seem to vary in any regular fashion with surfaoe tension» hut 
visoosity was direotly related«    *here  appeared to he an optimum visoosity 
which would hold  ■oieep1' to a minimum and yet not  prevent ready and 
thorough spreading upon application«     "Creep" was responsible for  a 
draining of the. repellent with the  formation of bare  areas and atterdent 
early breakdown«    Volatility of the repellent  did not  appear to be an 
important  factor influencing the   amount of repellent except as the odor 
affeoted mosquitoes.    The  testing of candidates  under sweating conditions 
and meohanioal removal by oontaotr olotbes or rain also affect the amount 
and distribution of repellent. 

The  data as  received from Orlando   ■ere  of three types,   results 
oa liquids tested directly on the  forearm and expressed in minutes, 
results on solids and irritant  liquids tested on cotton hose worn on the 
arm  (these results expressed in days),   and so-oalled paired tests  in whloh 
the compound  is tested simultaneously with  a sample of dimethyl phthalate 
and the  results expressed in minutes reported for both»    These  last results 
are often expressed as  a  "dimethyl phthalate  ratio" where the value of 
dimethyl phthalate forms the denominator.    By convention liquid compounds 
with repellent times of more than 179 minutes against Aedes  or 119 minutes 
against Anopheles  are considered repellent while  solids  or irritant  liquids 
tested on oloth with repellent times  of 10 days or more  are termed 
repellent.    In general paired tests are oondueted only with repellent 
materials.    The value of 1C days adopted for solids is roughly equivalent 
to the values  used for liquids. 

A third group of observations whioh indioate the  reliability of 
the  data is the  variation in the data as reported.    Numerous examples may 
be  oited to  show the general consistency of results  and the  validity of 
using the data in an analysis.    However to  indicate the  ran^e  of variation 
and to form a foundation to explain some  apparently  anomolous results, 
examples will be oited of apparent inconsistencies in data»    The  first 
and perhaps a trivial example  is the  occurrence of errors in arithmetic 
and transcription«    Cbvious errors are those where the  mean values  recorded 
are outside of the   limits of either extreme.    It may b<. well to note  at 
this point that th&  data as  ri.oeived i&eords  th6 numt^r  of trals,   the   • • 
rsn«:6  in values,  and the  cerafce value«    Errors in transcription are 
sometimes  made ev.ide.nt by duplicate reports of  data»    An example of day 
to day variability,  whioh .could lead to anomolies   in analysis  is thu  follow- 
ing! 

. ■     i       .    ■ 

Orlando 
ftumb..r Original fesults  Re submitted sample      Faired TestB 

6375 Aedes      2(95-135)115 
Anoph.    2(l6»3l)?ifc 

4» 2iC 
»»» 40 

k, 305/275 
4. Sy6i 

Ti.e underlined numbers are the average valuesj the denominator ir. tro oaso 
of the paired tests is dimethyl phthalate»    An example of variability oh 
•loth, where one mitht expect some of the variables to be eliminated»  is 
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phenoxyaoetic aoid which In me series of tests averaged more than 90 days 
and la a seoond series averaged sero days,    An Illustration of another 
type of variability is the following example of a compound«  repellent on 
the arm, but ineffeotive on oloth ■» a rather surprising result» 

Orlando 
Number 

Skin 
Value 

Cloth 
Value 

6251 8. £18 0 days 
(5th bite) 

It was hoped that the introduction of paired tests would lead to entirely 
reproducible ratios.    Perhaps the ohoioe of dimethyl phthalate as a 
comparison substance was unfortunate, but the results are no more 
consistent than others«    Here it will be observed that the ratio 

Orlando 
Number 

Original 
■fiff,ultf 

Subsequent 
Tests 

5563 .Jedes   443/?75 ■ 1.61 
Anoph. 198/53   * 3.74 

517/389 
193/140 

1.33 
1.36 

when Anopheles are used varies by a faotor of 2*7*    In oases where a series 
of oompounds  are submitted, the reoaloitrant member may be readily deteoted 
and rosubmitted, but where only a few or one member of a group is submitted, 
its true value may be overlooked,  . . .■ 

We have thus considered in three groups some of the faotors whioh 
influ~noe the validity of repellent data*    Of.these faotors we believe that 
the phenomenon of absorption of the repellent byrthe skin is the single 
faotor most responsible for limiting repellent time«    The question of 
volatility arises  and its role as a limiting,faotor.    Comparative studies 
have been made by Sulzberger  (NRC - I.C»C«F* No«  113) on the  amount of 
dimethyl phthalate recoverable from the skin and from' a piece of oloth 
exposed to the  same conditions, of temperature and humidity«    The cloth 
showed only slight  loss  in a matter of days while the repellent was present 
to the extent of only 3656 after five hours on the skin.    Comparable 
quantities were applied to skin and cloth.«    A further example in point  is 
the observation that further applications of repellent,  at  intervals 
preoeding breakdown of repellenoy, will extend the repellent time con- 
siderably«    These and similar results have  lead one  investigator (Elishewitc- 
prlvate communication) to state that all ."repellents" wjra. equally good, 
the question was how to kettp them on the skin,    This  led to the development 
of oreams and films designed to retain .the repellent,    for example 
Sulsb^rger showed that an ointment compounded with dimethyl phthalate . 
retained 9CfS of its oontent of repellent .In a Xive bpur period under similar 
conditions to those desoribed above«    Although these creams and films 
materially lnoreased repellent time they were unpleasant to- use and therefore 
not practicable« 

The above discussion might  logically lead to the question of what 
kind of compound should be used as a repellent«    The first results indioated 
that not all materials were repellent,  in faot on a random basis only d'lOji 
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of all material« submitted «ere repellent«    From the above remarks one 
might oonolude that a high boiling,  poorly absorbed oompound of medium 
viscosity and low Water solubility would be the answer»    Our results and-    • 
those of others however establish the faot that only compounds boiling 
in a rather narrow range oen usually be repellent«    This Is a neoessary 
but not sufficient condition and leads to'the question of what struoture 
plays in determining repelleney« 

At this point it may be well to.'disouss the. validity of the 
physical data reported whioh forms the basis for the oonolusion that 
boiling point 1B an important parameter in determining repellenoy.    In 
general the values designated in our report as boiling points were those 
reoorded during the distillation,   attendant on purification,  of materials 
submitted as repellents«    These distillations were oarried out in many 
different types of oolumns under varied-conditions,  and the results 
therefore are not striotly comparable.    Generally, however, we believe ■ 
that the values would be oorreot to within 10° or less whioh is of 
sufficient aoouraoy for our purposes«    The ideal set of values would have 
been the vapor pressures as determined at 37°» but.this.determination was 
not practicable.    We have chosen boiling points at 0.5 mm« wherever 
possible and oorreoted others,  for purposes of comparison, to that value 
using the approximate relationship that boiling point decreases 10    for 
eaoh halving of the pressure« 

An analysis of all esters submitted up to February,   1945-was- ' 
made  (Appendix)«    Of all suoh oompounds submitted,  9% were repellent« 
By limiting the oompounds to those having molecular weights of 175-249' ' " 
the number of repellents rose to  16jJ,  an lnorease of 75J?»    Ninety-two 
peroent of all repellent esters fell In this molecular weight range, whioh 
is roughly equivalent to a boiling point range of: similar extent«    Early 
in the program a statistical analysis of the oompounds then tested was pre- 
pared by Wadley  (Summary Fepbrt,   ll-?0-4l|) who oonoluded with the 
observation,   "it is possible that eventually we oan define a certain  range 
in the middle of a series,   and  find tfrnt Within  It we have successful and 
unsuooessful repellentsi  outside"bf the range,  only unsuccessful ones',"' 
Similarly,  a list of oompounds submitted as oand'idate' repellents by Orlando 
(Jones,   private communication) was prefaced by th«?'statement,   "and boiling 
points between ?00 and 300°.  ■' Several of our good repellents have 
boiling point« in this  range."    This neoessary condition was thus  early 
rboognized by other workers*    Experience with data of homologous and 
analogous series ha« indioated that the inclusive range for boiling point 
is 50-i30a/0«5 mm.    This, no doubt, ooulo> be narrowed for  individual 
series  and<by more  aoourate data«'   Tö illustrate this oonoluslen we haVe ■ 
inoluded in Table IV a listing of all repellent hydroxy-osters  and 
amide-esters submitted'from this laboratory with their boiling points, • 
oorreoted in some* oases,   at 0.5 mm.    Considering" the extensive range of" 
boiling -point possible,  the speoifioity is  quite striking, • Very -few 
repellent oompounds  lie  outside of this "rah^e, however the converse "is not 
true.    **any oompounds whioh possess boiling points in this range are non- 
repellent,   and this faot  gives  rise to  a consideration of structure.    One 
further point that  is  of  interest  is the  fact that eaoh type of oompound 
when submitted as a homologous »eriea shows a repellent peak or plateau. 

K 
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Table  IV 
9. 

I * 

hydroxy Lstors 

6IO3 
0 

aa 
*333 »5 
6378 ■i?5 
6317 95 
6307 131 
6?54 9a 
6?57 no 
460? 91 
65?6 iii 
6145 96 
6499 a9 
6551 •109 
6139 a? 
6138 97 
650c 9d 
6136 d9 
6113 ?4 
6114 107 
660Ö 113     =■ 
6494 : 94 
649Ö 113 
6596 l?5 
6?01 ••     070/2.0 
6??5 93 
62?6 101 
6599     • 100 
.6*00 106 
6?20 112     • 
6? 16 11? 
62 IB 115 
6?17 115 
6??1 11? 
6??4 i     105 

Amide Esters 

6166 100C 

616a 100 
6172 99 
63aa 106 
6?46 i?5 
632a 11a 
6252 101 
6?51 117 
6393 1?0 
634a 105 
6350 98 
6390 109 
63^5 10*1 
6336 1?7 
6369 iu? 

6373 114 
6^5 116 
6375    . .     .104 
635a 109 
6357 • 117 
6>U1 105 
64d4   . 110 
6310 1C7 
631? 10c 
66 03 .   ai 
6605 . 101 
6461 90 
6514 .     a.3 
66Q1 1C6- 
6563    . 101 
66O4 114 
6465 ad 
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These maxima always fall In the boiling point range desoribed above, but, 
in terms of repellent time, all muxima are approximately equal, . One might 
interpret this result, and justifiably, as indicating that there is an 
effeotive upper limit to repellent time, and while many repellents are 
still to be found none will exoeed previous repellents in activity. 
However, from other fields of application, one is constantly reminded of 
the unique whioh disproves the rule, and hence, the statement is merely 
appended as an observation summarising ourrent results. 

.*■• ■ ■ ' 

'-The relationship of ohemioal struoture to  repellenoy is the 
remaining question*    Here the answer is diffuse and complicated by the 
foot that every group has at least one representative repellent.    No 
single struoture or group of structures or any relationship between groups 
has been shown to be responsible or essentiul for repellent action.    The 
most suooessful approaoh has been to answer the Bestien - what group or 
groups are most likely to produce repellent aotivity. 

A side issue would be an effeotive correlation of absorption and 
ohemioal struoture,  but the data available ure not oonolusive or even 
suggestive«    An interesting experiment whioh gives  some  indication of the 
relative rates of absorption is the reoording of repellent time to the 
fifth and  seventh bites*    Notioeable differences were observed whioh oould 
be attributed only to absorption since evaporation was not significant ' 
during suoh  a relatively short time interval.    Perhaps this method oould 
be extended to obtain data correlating absorption with ohemioal  struoture» 

A oursory ex mination of the data arranged aooording to ohemioal 
groups readily mokes  apparent certain groups whioh seem more promising. 
It is  obvious  from such an examination that hydrocarbons   as  a group are 
non-repellent,  as are simple monofunctional esters«    Similarly it would 
appear that  acids,   amides,   and glycols  among others are promising fields 
for further effort«    An early suggestion was that compounds be prepared 
whioh in themselves were non-repellent but would by oxidation or 
hydrolysis liberate slowly an aotivo oompound.    Suoh suggestions led to 
the preparation and testing of aldehydes,   sinoe aoids were effeotive! and 
aoetals  of 1,2 and 1,3-glyools,  sinoe many suoh glycols were  active.    In 
most oases where  activity Was observed,   the active material was the 
the original substanoe and had a boiling point in the proper range« 

A complete answer to the question at hand would be obtained only 
by a systemio statistical survey of all compounds  submitted and a revision 
of suoh a survey at frequent intervals«    This was done in the oase of 
esters by Shenk   (Appendix),  and a summary of his results indicates the 
value of the method«    Having found that 90£ of all repellent esters had a 
moleoular weight between 175*249  a comparison was made of repellent  and 
non-repellent esters in this moleoular weight  range«    These esters were 
compared  aooording to the number of functional groups present,   Including 
any cyolio structure a* a functional group«    It is observed that &T% of 
all repellent esters possess three or more functional groups, while only 
Sh% of all the esters are trlfunctional.    Another comparison showed that 
of the trifunctional esters ?6% were repellent«    Thus by Imposing funetion* 
ality and moleoular weight as parameters for repellenoy the ohanoes of 
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obtaining a repellent was  Increased from $% to 26%,  an increase of 188$ 
Only k'7% of the difunotional oompounds tried were repellent* 

A further comparison of trifunotional esters reveals the striking 
effect of the hydroxyl group which inoreases the possibilities of obtaining 
a repellent to 56#J the prooedure extended to hydroxy-esters shows that 
the oyolo-group is also effective.    These last two conclusions   aru based 
on a relatively small amount of data and henoe the reliability of tht. 
percentages  is somewhat lower than those first reached»    On the basis of 
these results  a number of oyclo-hydroxy-esters of proper boiling point have 
been submitted,'and It  is  interesting to note that  about 5?/£ of these were 
repellent«-   Although this figure could obviously still be improved,  the   . 
figure does represent a considerable inorea&e over the 9% originally obtained 
for esters as a group* 

'Ye believe that this  approaoh will be  equally effective when 
applied to other groups.     At this point v«e oome to the conclusion that all 
the factors  are not evident«    One explanation to which we may have recourse 
is to oonoede  powers   of discrimination to the mosquito,  but  of oourse this 
does not  answer the  question« 

'e conclude therefore that a compound to te repellent must have 
a boiling point within a specified ran^e and preferably should be poly 
functional,    '"& have  also shown that within these  limits the process of 
absorption appears to provide  a limit to repellent  activity. 

During the  course of our work wo have empirically found several 
groups of compounds which yielded  relatively large numbers of repellents. 
In addition to the hydroxy-esters,   glycol diesters and amide  esters w-r- 
investigated rather extensively.     Several of the glycol diesterB  ahovjed 
repellency against Anopheles and hence were cf int-rest.    As a group 
however they did not yield a high percentage of successful cundidatos« 
On the other hand the  preparation of amide-esters  resulted in a high 
percentage  of repellent candidates.    Of the  76 amide-ost-re  prepared, not 
including ur-thunes which are a special case,  k?$> were repellent.    This 
number does not consider the  added  limitation of boiling point,   a factor 
which would definitely increase th~  percentage  of repellents,    forty-three 
percent  of all hydroxy esters tested were  repellent whereas S^/i of  all 
oyclo-hydroxy-esters v/„re successful.    Thus the  validity of our  earlier 
conclusions becomes apparent* 

To further emphasize these results the figures obtained when 
these rules  are ignored are of interest*    Of 62, simple esters submitted, 
whioh violate the oondition of polyfunetionality,   only one was repellent, 
an average cf 0,95g,    Of the  remaining groups that ■.••ere tried koto-esters 
were  in general not   -ffeotive, while amine-esters, especially of the 
glyoine type,   indicated some promise. 

A tabulation of all  repellent  compounds  submitted has been included 
in Table V,    It will be recalled that repellents are all oompounds whose 
average value against Aedes  is  greater than  179 or whose  average value 
against Anopheles is greater than  119 or who&e value on cloth is better 
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than 10 days«    Some  oompounda are inoluded whose  later tests indioate 
that they are not repellents»    They are  inoluded in order to report 
"paired-test" data which are available.    It will he: noticed that the 
aotivity shown against Anopheles,   &nd the total amounts submitted are 
Included.    The toxioity data refer to aoute toxioity tests and ure the 
same  as those shown In an earlier table.    Paired  test data are inoluded 
as a ratio and the value of the  ratio is also given*    In some oases 
paired test  data available  from different samples  are inoluded separately* 
In the oase of cloth tests the value  is given in days;  small"d_ indicates 
days*    The structures  are inoluded to  facilitate visual comparison of the 
data*    The values.given ander repellent time show the number of tests, 
and the average repellenoy.   .The range is inoluded in Table VII*   . 
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INSECT REPE1LEKÖY TESTING DATA 

A Hating has been prepared of all compounds submitted for 
testing from this  laboratory*    The oompounds are subdivided by frunotional 
groups the order of the present card Index being followed«.    The oompounds 
are arranged within the groups into olassos of similar types In the order 
of increasing oomplexity so that rapid comparison may be madu of the  data«. 
Liquid oompounds were tested against Aedes  aegyptl and Anopheles  ^utdri- 
maoulatusi the data are reported as number of tests, total ran^e and 
average repellenoy in minutes»    Solids and irritant liquids were tested on 
ootton hoses the values  in days to the first bite are reoorded. 

All candidates were first submitted to the Pure Food and Drug 
Administration for preliminary irrltanoy tests«    These tests were 
conducted on the intact skin of rabbits; readings were taken at  intervals 
•P to 2k hours«    An arbitrary scheme for evaluation!  desoribed in reports 
from that laboratory, was devised in which k points was alloted for endema 
and k points for erythema, giving a possible maximum of 8 points to any one 
oorapound«    The  lndioes, their corresponding irritation signlfioanoe,  and 
their use recommendations are  listed in the following table: 

Table VI 

Evaluation of Irritation lndioes 

Soore Irritation Evaluation 

0-3 Hi Id Passed 

3 -6 Moderate Massed 

6 - 7 Severe Caution 

7 -8 Severe Not passed 

These tests were begun in Ootober,   194,4* and all oompounds submitted slnoe 
that time are reported with an irritation index.    Some oompounds proved 
irritant to the test Individual at Orlando and are indioated by a £ in 
the appropriate oolumn.    The index of refraotion and boiling point are 
inoluded as an aid in establishing the identity and purity of the  sample. 
The numbers under  "method of preparation" refer to corresponding seotions 
In the experimental part« 

RESTRICTED 
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The Naval Medioal Research Institute has reported the following 
average repellent times of several of our repellent oompouhds under 

. sweating, conditions   (90° P. dry bulb, 30° P. wet bulb).    Two tests were  . 
run in eaoh ease  against Aedes  aegyptl« 

: * Table VIII 

Repellents under Sweating Conditions 

Orlando 
Number  

6133 

6154 

616S 

6168-a 

6?16 

6216 -a 

6252 

Name 

Average- 
Repellent time 

jBweatlng Normal 

Cyolohexaneoarbtxylio aoid,  l-hydroxy-, . 
oyolopentyl ester 147 

l«5~Pentanediol', diproplonate    •'               *       .• 92 

Suooinamio aoid, N,N-diethyl-,  propyl ester 84 

Suoolnamio aoid, N,N-diethyl.-i  propyl ester 147 

Hydraorylio acid,  fi-phenyl-,  ethyl ester 

Hydraorylio  aoid, ß«-phenyl-,  ethyl ester 

Suooinamio  aoid«  NfN-dipropyl-,  ethyl 
ester      , " 

6254 l«3-Cyolohexanediol, monopropionate 

37 

139 

I62 

155 

288 

257 

396 

396 

352 

352 

260 

308 

HESTRICT5D 



RESTRICTED 
77. 

EXPERIMENTAL   . ' 

Tile method« are recorded only in outline form I the ax act equip» 
ment and technique used is omitted»    The order of presentation Is that 
ooourring in Table VII*   When compounds have been prepared by .the same 
general procedure.» they have been assigned identical preparation numbers» 
The equipment used was that ordinarily available in a well-equipped labor- 
atory; the teohniques employed were standard methods» 

The large soale preparations were in general handled in several 
portionsi the largest containers were a 1?-1. flask and a 30-1» battery 
jar»    References have been iholuded with the descriptive material»    Physical 
oonstants are reported in Table Tilt and average yields are indicated in 
most oases« 

1»    These compounds were obtained from stook and judged to be 
sufficiently pure for testing» .... 

2»    These hydrooarbons were obtained as by-produots .in the 
reaction between bentylmagneslum ohloride and formaldehyde   (Tiffeneau, 
Compt. Rendui  137. 574 (1903); Gilman, J» Am. Chem. öoc, 5j>,  11?7 (1934))» 
Bibencyl was subsequently obtained from, the Eastman Kodak Company«: 

3»    1,1-Diphen'ylethylene was prepared from phenylmagqesium bromide 
and ethyl aoetate as described in  "Organic Syntheses", John Wiley and Sons» 
n. y. o, (1941). coil. vol. i, p. 226. 

. * * ■ 

_ 4«.   These alkyl hydrogen, suooinates and glutarates were prepared 
by heating the anhydride  (1 mole) and the appropriate aloohol  (1.2 moles) 
under reflux at a bath temperature ?G-30° above the boiling of the aloohol. 

. Heating was continued for twenty to thirty minutes after the. re fluxing had 
subsided and the product was then purified by distillation .(yield. 85-95 
percent).    A  "Glaaool" mantle was  found to  serve  as a convenient heating 
unit,  particularly, in the  large  runs  in which a lP-1.  flask was used.     In 
this oase the  course of the  r&ao.tion was followed by placing a thermometer 
in the  reaction mixture which should be  occasionally shaken °r stirred. 
It was found that  a sufficiently pure produot was obtained by merely 
removing the excess aloohol from the reaotion mixture by distillation in 
vaouo. 

5*    The half esters of adlpio aoid were prepared from the  diester, 
the  acid,   and the  requisite aloohol according to the directions of 
"Organic Syntheses, ■ John Wiley and Sops, N. y. C. (19*3),. Coll, Vol. II, 
p. 276. 

6.    The alkyl hydrogen phthalates were prepared from the anhydride, 
the aloohol and p>ridine by a modifloation of the procedure described in 
"Organio Reactions«" Vol.  II, 401  (1944)  (of* Goggans and Copenhaver, J. 
Am. Chem. i»oo., 61, 2909  (1939)). 
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7«    These oompounds ware prepared by adding the aoyl ohloride 
dropwise to a mixture-of the  appropriate hydroxy compound,  some inert 
solvent  subh as benzene,  ether or ohlorpform and sufficient pyridine 
to combine with the hydrogen ohloride formed in the reaotion (Blaise, 
Bull. Soo. Chim,   (4),   1£,  668   (l914)).    In the oase' of glyool monoesters 
about 75 peroent of the theor6tioal «iuantity of aoid hal'ide was used, 
the yields of monoester were 50-60 peroent* 

8«    o_-Ethoxybenzoic aoid was prepared from the sodium salt of 
ethyl salicylate and ethyl iodide.    The resultant ethyl ethoxybenzoate was 
saponified,  th6 free aoid being liberated by acidification. 

9»    The V»-hydroxy acids were obtained by adding oonoentrated 
hydroohlorlo  aoid to a stirred,  oooled mixture of ether,  sodium cyanide 
and the requisite oarbonyl oompound at suoh a rate that the temperature did 
not rise above .0-5° C.    The ther was removed and the oyanohydrin converted 
to the aoid by heating with oonoentrated hydrochloric aoid  (fiuoherer, 
Ber., 2Z,   1231  (1896)),. 

10«    These amide-acids were prepared in good yield by heating 
• suoolnlo anhydride with the appropriate amine in benzene for four hours. 

The aoid8 orystallized from a mixture of benzene and medium-boiling 
petroleum ether, J. Organic Chem,,  6,  774  (1941)» 

11. Glutario  anhydride was prepared from commercial dimethyl 
glutarate  (du Pont) I the ester was hydrolyzed by heating with oonoentrated 
hydroohlorlo aoid,  and the aoid was converted to the anhydride by' use of 
aoetio anhydride«    Twenty-one hundred grams  (60jS yield) of the anhydride 
was obtained from 4900 g.  of ester   (of,  0rg. Syn.,  Coll. Vol.  I,  91  (1941))* 

12. These anhydrides were prepared from the proper aoid and aostio 
anhydride  at described in  "Qrgonio Syntheses," John Wiley and Sons, N. Y. C. 
(1941), Coll. Vol. 1,  p. 91. 

13»    These oompounds were made by direot esterlfioation using £-^. 
to-luenesulfonie aoid   (?-k%)  as catalyst.    The aoid   (l mole),   parbinol 
(l*?-3 moles),  oatalyst  and a suitable  solvent  such as benzene,   toluene, 
petroleum ether or chloroform were heated under reflux.    The water 
produoed in the  reaotion was  rembved continually as  formed by means  of 
a Dean-Stark moisture trap. 

14*    The add ohloride was added to  a mixture  of magnesium.,  ether 
■and the appropriate oarbinolv(spaeson,   "Organio  Syntheses, ■ John' Wiley and 
Sons, N. Y, c.   (1940),  Vol. 20,  p. ?l). 

15«    This methyl ester was made by direct  esterificktion  using 
oonoentrated sulfurio  aoid  as  oatalyst   (Purdie and Marshall,  J. Chem.  Soc. 
59, .476  (1891)). 

16.    Several esters were prepared by treating an anhydride with 
tho requisite  alcohol in benzene.    This procedure was necessary to avoid 
polymerization whioh ocourred when direct esterlfioation employing an aoid 
catalyst was  attempted» 
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17*    These oompounds were prepared by heating the glycol or 
amlno-aloohol with the appropriate anhydride in toluene solution under 
reflux for several hours; the  reaction was vigorously.exothermio  at 
reflux temperature. 

18.    ^'hese oompounds wore prepared by heating the glyool or 
aminoaleohol (l mole) with 99# formlo aoid.C? moles) for several hours; 
the product was  Isolated by distillation.    The yields were 50-95£* 

•19.    A solution of the ohloroformate and excess oarblnol was 
boiled for several hours. 

20. Phenol esters were prepared by adding the oaloulated amount 
of anhydride to a oooledi  stirred solution of the phenol In aqueous potassium 
hydroxide  (of. Chattaway, J. Chem. Soo.t  1931.  2495)« 

21. A suspension of the phosgene-pyridine complex in toluene was 
treated with an equivalent amount of the requisite pheno}.  (Rabjohn,  Org. 
Syn., to be published)« 

22«    These oompounds were obtained by transesterifieatlon using 
D-toluenesulfohio  aold as the  oatalyst. 

23.    The  y~laotone of ol-hydroxy-<)(rmethylglutario  aold was 
prepared,from leyulinio  aold and hydrogen oyanlde by the method of Blook 
Kreckler' and Toliens, Ann.«  238.  288  (ld87).    The propyl ester was pre- 
pared by direct esterifioatlon as desoribed in Prep* Method 13» 

2k*  .?his ester was prepared by heating the aold with methanolio 
hydrogen ohloride. 

25«    These esters were obtained In good yield by treating a 
ohloroform-ether solution of the. alley 1 hydrogen phthalate with diazomethane. 

,26.    Furfuryl furoate was prepared by adding ?-furaldehyde to a 
boiling solution of sodium furfuryloxide,  furfuryl alcohol and benzene 
(Nellson, J. Am. Chem. feoo,,  66,   1?30 (1944))* 

.      .   .       27f    Vanillio   acid was prepared from vanillin through the oxime. 
The oxime was  dehydrated with beetle anhydride and the resulting acetate 
of vanillonitrilu was hydrolyzod  (Raiford and Potter, J. Am. Chem. Soo. 
551   I683  (1933))«    An attempt to prepare the aoid by permanganate  oxidation 
of vanillin was unsuccessful.    The aold was esterified direotly  (Prep* 
Method 13). 

20.    These cyclic  ketals,   acetals  and dioxolanones were prepared by 
boating a mixture of the ourbonyl oompound,  the dihyaroxy oompound,  benzene 
and a trace of p-toluencsulfonio acid as oatalyst.    The water produced in 
the  reaction was removed continuously us formed by uzeotropio distillation 
by means of  a Dean-Stark moisture trap   (Salmi  and Pohjohlainen,  toer.,  j£, 
798 (1939)). 
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29. Concentrated sulfurio aoid W&B added to a stirred and 
cooled mixture of the appropriate dihydroxy and oarbonyl oompounds 
(Konigsberger, Ber.t 5j&,  ?107 (1923))« 

30, »odium salts of the indicated aoids were heated under reflux 
in aloohol solution with ohloro&oetone or methyl bromoaoetate for several 
hours  (Brevier and Zlnoke,  Bbr.,   13_,   635  (i860)).    The yield was 50-60 
peroent. 

31*    These pyruvates were prepared by direot esterifioatlon as 
in Prep« Method 13 exoept that no oatalyst was used* 

32*    These beta-kotoosters were prepared by tronsesterifioation 
without a catalyst*    The ethyl ester (1«5~2*0 moles) was heated with the 
requisite oarbinol  (1.0 mole) at 160° until the ethyl aloohol formed in 
the reaction had been completely removed«    The produot was then purified 
by fractional distillation at reduced pressure   (Baoont  Am* Chem. J.,  ^2.> 
79  (1905)), 

33*    Oiethyl alkylldene-bls aoetoaoetates. were prepared by 
oondensing aldehydes with ethyl aoetoaoetate in the presence of pyridlne. 
The orude bis-esters were then heated under reflux with aoetio   aoid 
containing catalytic amounts of sulfurio  aoid.    The resulting ethyl 6- 
ulkyl-?-methyl-4~°xo-?-oyeloh6xene-l-earboxylates were obtained in 40-50 
peroent overall yields   (Horning,   Denekas  and Field.  J;  Org. Chem.,  9_»  547 
(1944))*   

34.    Diethyl diaoetosucoinate was  obtained by the condensation of 
sodioaoetoaoetio ester by means of iodine  (Knorr, Jüan»,  306>  333  (1899)).     m. 

35*    Diethyl   7 -oxopimelate was prepared by the simultaneous hydratioi 
and esterifioation of 2-furanaorylio aoid with ethanolio Hydrogen ohloride 
(laarokwald, Ber., ^0, ?dll (1387)). 

36.    These  compounds  were prepared by direct  esterifioatlon as 
desoribed in Prep. Method 13 using a large excess of glyool. 

37*    These ethyl 2-alkyl-3-hydroxybutyrates were -prepared by the 
hydrogenation of the  corresponding aoetoaoetates over Raney niokel in 
aloohol at 1?5-150° C   (Adkins,  Connor and Cramer, J, Am. Chem. Soc, 
£. 5192 (1932)). 

38.    These (9-hydroxyesters were prepared by the method of 
• Reformatsky from the appropriate Qf-bromoesters and oarbonyl compounds 

(Shriner,   "Organio Reactions,* John 'Viley and Sons, ". Y. C.  (1942),  Vol. I, 
pp.  16,   17).    Turnings of a oopper-zino alloy  (9?% Zn - 0$ Cu) were used 
instead of the more customary forms of zinc 

39«    This  oompound was prepared by heating propionio  aoid  {^»25 mole)« 
styrene oxide   (0*30 mole) and benzene under reflux overni&ht.    The unchanged 
aoid was extraoted with dilute sodium oarbonate solution and the product 
purified by distillation.    Yield 30JS, Sapon, E^uiv.i    Calo'd 194. Found ?03* 
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40. These glyobl monoesters were prepared in 50-6*0 percent yields 
by adding" about 75Jf of the theoretical quantity of anhydride to the glyool 
in toluene solution and bringing the mixture to a boil. 

41. 'This  glyool monoest&r prepared aooording to Method 7 was 
isolated by selective  extraction.    This prooedure was  required  in order 
to fret the produot from diester,   always  a oontamineht;  distillation is 
not  applicable beoause of similar boiling points.    The monoester was  freed 
from glyool by washing with a small  amount of water and from diester ty 
treating the  residue with A large quantity of water,  sufficient  to dissolve 
the monoester,   and then extraoting the diester with ether.    The monoester 

was recovered by saturating the  aqueous  solution with salt followed by 
ohloroform extraction",  yield 46#.    Sapon-Equiv:    Calo'd.  17?i  Pound,   179» 131« 

.42i,    Fropionyl chloride   (1 male) was added with stirring to  a 
mixture of glyool  (l mole),  pyridine   (1.5 moles) and ohloroform at 10°. 
The ohloroform and pyridine were  removed by.distillation  in vaouo.    The 
residue was dissolved  in chloroform and washed with dilute hydrochlorio 
acid until acid'to"litmus  and then with water until neutral«    The  ohloro- 
form was  removed and the   residue was extraoted four or five times with 
e«iual volumes of low-boiling petroleum ether  at  -60°.    Essentially pure 
monuester was obtained upon distillation of the residue.    Seleotive 
extractions was necessary to  separate the mono- from the diester as they 
boil at  about the  same temperature  and fractional distillation is not 
applicable. 

43«     l«4-Cyoiohexanediol dipropionate was partially hydrolyzed 
with potassium'hydroxide in 50 peroent alcohol   (37^'yield).    This pro- 
cedure  is  based on that of Aldersley, Burkhardt,  Gillam und Hindley,  J. 
Chem. koc,   19401   10, * . 

44*    The  appropriate ohlorohydroxyester   (prepared by application 
of Prep, *ethods 9 and  13 to ohloroaoetone) was heated with freshly fused 
sodium aoetate  at  190-?CO°» the produot was  extraoted with ether, washed 
and distilled.    Yield  75 percent   (Fourneau and Tiffeneau,  Eull.  800. Chim., 
(A),  ii,   ??(1914)). 

US''  Commercial borneol   (l mole),   ethyl orthoformate   (? moles) 
and a traoe  of p-toluenesulfonio  acid were  distilled at  atmospheric  pressure 
to yield the theoretical quantity of alcohol, , The  residue.was distilled  In 
vaouo without removal bf the catalyst   (55# yield). 

i»6.    A mixture  of the  appropriate  ethyl "oTth»ester  (l mole), 
oarbinol   (6 moles)  and a trace of p-toluenesulfcnic   add was heated until the 
theoretioal quantity of aloohol had distilled.    The  residue was fractionally 
distilled in vaouo without  removal of-the  oatalyst.    The yield was 6O-Ö5 
peroent. .... 

47«    To a solution of bemotricnloride  in an o^uul 'volume  of dry 
propanol at  100°,   a solution of sodium protoxide   (10/S excess)  in about ?3 
parts  of propyl alodhol weis   added drop-wise.    The t"i iek paste was diluted with 
benjene  and filtered.    The product w^s purified by distillation» yield 60 
percent   (of. i"ost,   "Chemistry of Alliphatio  Orthoesters",  Reinhold 
Fublishing Co., N. *. C,   (1943).  p.  17). 
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48«    This oompound was prepared by the aotion of alooholio 
hydrogen ohlorlde on aoroleini ?5# yield (Pingert, Org. Syn., to be 
published). 

49«    These  aoetals  or ketals were prepared by trans aoetalization« 
The aoetal or ketal  (l mole), the hydroxy oompound  (?-3 moles) or oarbonyl 

, oompound and a traoe  of p-toluenesulfonio  acid were heated until a 
theoretical quantity of the replaced oompound had distilled (8o-9CfS yields)* 

/ 50«    These aoetals were prepared by heating a mixture of the 
•   oarbonyl oompound, ethyl orthoformate,  absolute aloohol and a traoe of 

£~toluenesulfunlo acid under reflux for 3-10 minutes and neutralising 
the oatalyst with oaloium carbonate   (Fauly, Jam»,  383,  230  (1911))« 
The yields were 50-90 peroent. 

51«    A mixture of styrene oxide  (1 mole) and the oarblnol 
(7 - 10 moles) in whioh a small amount of sodium had been dissolved w&re 
heated under reflux overnight«    After washing, the product was purified 

' by distillation (yield 60-80 peroent)  (of« Emerson, J« Am« Chem. Soo., §£, 
516  (1945)). 

52. These oompounds were prepared by the oatalytio'hydrogenation 
of 4-(2-furyl)-3-butene-?-one (Adkins and Burdiok, J« Am. Chem. öoo«, ^6, 
438  (1934))« 

53«    4~(?-Puryl)-3-butene-?-one was prepared from acetone and 
2-furaldehyde by a Claisen type condensation  ("Organio Syntheses,■ John 
Tftley and Sons, N. Y. C.   (1941), Coll. Vol. I,  p. ?83>« 

54«    This  aoyloin was  prepared by adding ethyl oaproate to a 
stirred mixture  of powdered sodium and absolute  ether at suoh a rate 
that the mixture refluxed rapidly.    This synthesis  is  based on the 
preparation of butyroin as described in   "Organio Syntheses," John Wiley 
and Sons,  N.  Y. C.   (1943),  Coll. Vol.  II,  p»'114.    The yield was 50-60 
percent. 

55*    These oompounds were prepared by oatalytio hydrogenation 
using Baney niokel at 125° and 1500 lbs. pressure  (Adkins,   "Reactions of 
Hydrogen*,  MsoonBin Press,   (1937),  P« 50). 

56. jo.    These J( ,<4/-glyools were prepared by hydrogenolysis of the 
corresponding di^stors using oopper-ehromite oatalyst  (Adkins and Wojoik, 
J. Am. Chem. Soo,, $£,  4939  (1933))« 

57«     3i*»-Di^thyl-3,4-h6xanediol was prepared from diethyl ketone 
by a bimolecular reduction ("Organio Syntheses," John Wiley and ^ons, 
W. Y. C,   (1941).. Coll. Vol. I,  p. 459). 

58.    N,  N-Diethylbutyramide was prepared by heating methyl 
butyrate   (40 g.)  and diethylamine  (30 g.)  in a bomb at 200-210° for two 
days  (Adkins, J. Am. Chem. boo., £6,  ?419  (l934))r 

* 
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59«    These IT «substituted imides were prepared by adding the appropri- 
ate amine to a oold benzene solution of pathallo anhydride or suooinio 
anhydride.    The benzene was removed and the amide heated to ?0C° for 
thirty minutes to effect oyolization.    The phthalimide was distilled under 
reduoed'pressure   (70-75*» yields). 

60. Cyolohexene was slowly added to a stirred solution of 
peraoetie'aoid  in aootio aold   (Soanlan and Swern, J, Am. Chem. Soo.,  6g, 
?305  (1940)).    The temperature spontaneously rose to 60    and the reaction 
mixture was heated for one-half hour more at 85°«    After standing for 
sixty'hours at room temperature the solution was warmed to 60-70° for one 
hour and poured into water.    Sodium oarbonate was added until the solution 
was alkaline!   and.the mixture was extraoted with chloroform.    After 
removal of the  solvent,  the produot was  distilled.    The yield was 23 peroent. 

61. The ester-aoid ohloride   (l mole)   (see below) was  added 
dropwise over a period of several hours to a well-stirred mixture of the 
amine  (?.? moles) and approximately two volumes  of dry ether  at 0°. 
Ether and benzene were added to the  reaotion mixture which was then 
washed with dilute aoid,   dilute sodium oarbonate  solution and oold br'ine. 
After drying, over anhydrous magnesium sulfate  and removal of the solvent, 
the product was distilled.     Occasionally the produot was contaminated 
with a small amount  of a white solid whioh came over  In the early part of 
the distillation and appeared to be the  amine hydroohloride.    This was 
removed by filtration.    The yield was 70 to 65 peroent, 

Several suooinamates  were originally prepared by direot 
ectcrification of the corresponding suocinamio  aoid  (Prep. Method 10)5 
however,  the yields' were very poor,  probably due to .alo oho lysis of the 
amide  group,   and a better method was  sought.    This consisted  in preptring 
the half-^ster of  the appropriate  acid   (Prep. Method k)% converting it to 
an estor-aoid chloride  and condensing the  acid  chloride with an  amine. 
The ostor-ao'id ohloride were conveniently prepared by adding phosphorus 
pentaohloride   (l.O? moles) with occasional swirling over a period of 

10  - 30 minutes to the  ester add  (l mole)..   This  operation was curried 
out  in a hood.    The phosphorus    oxyohloride  formed  in the  reaction was 
then removed by distillation  In yacuo; the bath temperature not being 
allowed to rise abovu 00°.    The orude  aoi; chloride wus  used without 
further purification»    In the ouse  of mono-seo-Lutyl succlnate the 
prbduct    decomposed when phosphorus  pentaohloride was ad-ied und thionyl 
chloride   (2 moles) wus used instead.    The use  of thionyl. chloride was 
in t,eneral avoided  us the final produot   (amide-ester) occasionally had an 
objtotion'able  odor,   although  it  possessed the  same  refractive  index as 
materiul prepared by use of phosphorus pentaohloride. 

62.    The ester-acid ohloride   (l mole) was ud;ed  dropwise  at a 
rate  such thfct the  temperature  did not  rise above 5°    to    a well-stirred 
mixture of the  amine   (1.2 moles),   20-25 percent  potussium hydroxide 
solution   (l mole)  und some  other at  0°.    The luyers.were sepuruted,   the 
aqueous  purt extracted  once with eth^r  and the combined ethereal portions 
were wushe-d with dilute  ucid,  dilute  ulkuli und cold brine.    After drying 
over anhydrous mugntsium sulfate  and r--ino«ul of the   solvent,  the product 
wus distilled.    Yield 60 to 05 percent of theory.    As   in Prep, method 61 
a white  solid  occasionally came  over in the  early part  of the distillation. 
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63.    Ethyl hydrogen Maleate   (geometric configuration not oertain) 
was prepared by the method of Shields   (j. Cham. &oc.,  52,,   740  (1891)). 
The maleumio  acids were then prepared  as doscribwd in Prop, aiethod 61« 
Ethyl hydrogen muleate proved to bo very unstable when efforts were made 
to prepare it according to the directions .in Pre±*. Method 4«    Hhtin. the 
product obtained by warming muleic  anhydride   (l mole) and ethyl aloohol 
(l mole) was direotly treated with phosphorus pentaohloride   (1 mole) and 
the amide prepared -imme-diately aooordin.t to Prep. *«ethod 61,  variable 
results were obtained'.    In one pase the yield was 70 percent. 

• 
64«    These compounds were prepared by heating a mixture of 

potassium suceinimide,   the proper haloester and .butanol  (Clerao and 
', • Baraage, J. Chem. Soo'.  1931,  ij9).    The yield was 69 percent. 

65«    The  lf-lactone of (•*{-hydroxy-frf-methylglutario aoid (Prep. 
i*ethod ?3) was converted to the. aoid chloride with phosphorus penta- 
ohloride.    The  acid ohloride was then condensed with the appropriate amine 
(Prep* Method 61).    The yield was 60-70 peroent. 

66.    ilolar quantities of primary alkyl amine and /3-keto diester 
were allowed to stand with a small amount of methanol for three days; 
the aqueous  layer was  separated and the produot distilled.    The yields 
varied from 60 to 8C percent   (Sauer and Adkins, J. Am. Chem. Soo«. 6c. 
406  (A938)).   • . 

• " '    " " 
67« These compounds were made from the appropriate amines and 

ohlproformates essentially as desoribed in Prep« *»ethod 6?. The yield 
was 85'peroent.* 

68.    A'he necessary sodium alkoxi.de  in an excels' of the  alöohol 
was added gradually to  a molar quantity of C/.-cbloro-N,N-dietnylaoetamid6 
(see below).    In the oc.se of o^-eyclohbxoxy-H.N-diethylaCetamide dioxane 
was used as a solvent; the yields were 64-67$.    The procedure  is'based   ' 
on that of Pratt and Robinson,. J. Chum...&oe.,   19?5»   168. 

• " ■ '    ' • 

0(-*alo-N,N-dialkylacetamidöS were prepared in 70 to 8C 
percent yield by adding the amine   (l moleJ slowly to a weli-stirred solution 
of the haloaoid halide   (l mole)  in absolute ether at  -2C to -10°. 

69*    Ciketene was  tidded to the   indicated amine  in aqueous  solution 
or suspension at 0 - ?0°  (80-90JJ yields)   (Eoese,   Ind. Eng. Chem.,  32,   16 
(1940)).    Dikbtene was prepared by passing aoatone over a hot filament 
(Kurd,   "Organic Syntheses," John V.'iloy tnd iaons,  *',  Y, C,   (1941),  Vol. ?1, 
p. 64) and allowing'the ketene to dimerijse. 

70. Levulinyl ohloride was prepared  in 55 percent yield by the 
aotion of thionyl ohloride on the  aoid in chloroform at 0°  (clemc and 
Famage, J. Chem.  JOC,   193_1,  54).    The amides were prepared  from the 
aoid ohloride  und excess  umint   as  in frep. Method 61. 

71. M,N-Dipropyllevulinanide   (Prej. Method 70) "/as reduced with 
aluminum  isoprcpoxidc   in  isopropanol by stendurd procedures   (^5 percent 
Yield)  ("ilds,   "Orgur.ic Fractions," John     il«y and Sons, N.Y.C.   (19*0. 
"öl. ?,   p. ?03). 
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72»    These  fft-hydroxyamides were prepared In 34 to 6?# yields 
fro« the appropriate oarbonyl compounds and ol-halo-N,N-dialkylaoetamides 
(*rep. Method 66) by standard Feformatsky prooedures   (Prep. Method 30). 
As was expeoted the bromoamides.gave more   satisfactory results.than the 
corresponding ohloroamides.    Beoause the  use of bromoamides   in the 
Reformatsky type reaction is not mentioned in the  latest  review which 
has oome  to our  attrition   (Shriner,   »Organic Reaotions, ■ Vol. I,  p.  17, 
John Wiley and Sons, N.  Y, C.   (194?)) the following hydroxyomides were 
redistilled and submitted for analysis   (Miss E.   .erble, this laboratory)! 

Valeramlde,   ?-hydroxy-3-methyl-N,N-dipropyl- 
3si    C,  66.98 ; H,   11.6 

Pound:    C,  66.?6; H,   11.4 
66.17    •     11.5 

Calo-d for CiaHasNOai 

Oaproamide, N,N-diethyl-3-hydroxy-3-methyl- 
Calo'd for C^HasIICa«    C, 65.67} H,  11.4 

Found)    C.  64.91! H,   10.9 
64.81 11.0 

Cyolohexaneaoetamide, w,N-diethyl-l-hydroxy- 
Calo'd for C^HagNOg:    C,  67«57; H,   10.87s N, 6.57 

Foundi    c, 66.84; H,  10.40; N, 6.53 
66.94 10.55 6.60 

Cyolohexaneaoetamide,   l-hydroxy-N,N-diisopropyl« 
C,  69.71; H,  11.2 

Poundi    C,  69.48; H,   10.8 
69.43 10.8 

Calo'd for C14Ha7TOa: 

Hydraorylamide,  *,N-diethyl- /3-phenyl- 
C,  70.59; h, 8.60 

Pound«    C,  69.29i H, 8il6 
69.35 7.73 

Calo'd for C14H10N0a: 

73»    These N,N-disubstituted glycine esters were prepared by 
adding the  requisite bromoester to two molts of the secondary amine  at 0° 
(80^ yields)   (v. Braun, Ber.,  Ij0,   3941  (1907)). 

74«    This  group of substituted glyoine  esters was prepared by 
adding the indicated primary amine to on« mole  of the neoessary bromoester 
at 0     (Alpern and '»'eizmann, J. Chem. Soc,   1911.  36).    The yields v/er* 
30-40 percent.   

75»    The  appropriate hydroxyamine  was  refluxed with sodium ohloro- 
aeetate  in  aqueous  solution for seven hours.    After removal of the water 
by distillation  in vaouo the  residue was  distilled   (60S? yield)   (Chem. Abs., 
2i.   1023   (194C)). 

76.    Those aminoesters v/ere prepared by treating the potassium 
derivatives  of pyrrole with the  proper bromoester as described by Sohl and 
Shriner  (J. Am. Chem. 00c, Q,  4168   U931)).    The yields w.r« 25-45JS. 
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77«  .Fhenylethylene oxide was heated under rtflux with a slight 
0X068 8 of the appropriate amiae   (ßtnerson, J. Am. Chem. Soo.,  67.( 516 
<i9i»5)>".: " 

78.    This oxime (Kling. Ann..Ghlm. Phya.,   (8), £, i»8l (1905)) was 
prepared in 80 peroent yield from.aoetal'aoetate by the method of Kuokel 
and Loohs   (Ann.,  498,   162  (19,32».    The. product was extracted with ether 
and distilled. '.•.... 

79*    ^eneenesulfonyl chloride Wb.s treated with mothanol and 
alkali according to, standard procedures the yield was about 50 peroent. 

* *   '      * 
80. Tetr'amethyl tetrathioorthooarbonate was prepared from S- 

methylisothiourea' sulfate aooording to the direotions of backer and 
Stedhouder  (Reo. Trav. Chira., 5jg_,  926  (1933))* 

.. -•■!■.■'" — ■'     • 

81. This orthooarbonate was made by the action of ohloropicrin 
on sodium 2-nfcthoxyethoxide' (38g yield)(hartel, fier., 60,  1841  (l9?7))> 
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APPENDIX 

Prepared "by 'V. J, Shenk, Jr« 

A statistical analysis by functional groups of all the oompounds 
in our oard index as of February 15, I9k5, whioh have average repellenoy 
times of better than ISO minutes (or ten days in the oase of oloth test) 
to the first bite against Aedes aegypti or 1?0 minutes against Anopholes 
quadriraaoulutus has been made. The compounds whioh meet the above require- 
ments are hereinafter referred to simply as repellent compounds, all 
others being classed as non-repellent* All of the esters of Group 17 of 
the classification system were similarly analysed« 

The  analyses have the weaknesses  of statistical analyses  in general 
but we Relieve that when completed they will give an illuminating survey 
of the types of compounds tried und not tried and of the ohanoes of obtain- 
ing a repellent by making a oertain type of oompound. 

Analysis of Repellent Compounds■ 

The repellent oompounds were extracted from our oard index of the 
testing results obtained  at Orlando.    As in the oard index, the  oompounds 
were separated according to molecular structure into the ten chief groups 
listed  in the left hand column of Table IX»    It is important to note that 
in classifying poly functional oompounds the following order of group 
preference was arbitrarily assigned:    X,  VIII.   IX,  I,   II,   III,  IV,  V, VI, 
VII,    Thus an amide-ester is  in group VlII-a and not group IV«    The com- 
pounds in eaoh ohiof group were then analyzed for the following functional" 
groups, oyclo   (any cyclic  struoture),  hydroxyl,   ether,   ester and kotone. 
The results of the  above  analysis are summarized in Ttitle IX« 

The  first o'olumn of figures  in Table IX gives the number of 
repellent compounds  in the ohief groups I the total number is ?27«    The 
oolumns of figures under the headings oyclio, hydroxyl,  eth~r,.ester and 
kotone give the number of oompounds  in the ohiof group whioh oontain one 
or more  of the  indicated  functional groups.    It  is to be noted that when 
th* column heading is the  same  functional group as that of the chief group, 
the figure given  indicates the number of compounds  containing two or more 
of such groups«    Thus,   if Group V (ethers)  is under consideration,  the 
figures  reading from left to  right denote that of the  lib  repellent ethers 
37 contain one or more  cyolo groups,  30 one or more hydroxyl groups,   17 
two or more ether groups and 6 one or more kotone  groups.    The blank  in the 
ester column arises from the  fact that othwr-osters are classified in Group 
IV  (esters)  in accordance with the order of preference rule. 

The oolumns  are then summed up,  but  in order to obtain the total 
number of compounds containing one or more functional groups  of a given 
kind,  the number of compounds in the cr.ief functional groups which were 
not included  in the column ir.ust be   added.    Ihus to ob ain the total numb r 
of rej-ellent compounds which contain one  or more -_thor groups,  ?7 must be 
added to the total of 63 at the bottom of the ether column,  beoause  only 
17 of the /|i, Group V eth-.rs  are  represented  in this  column» 
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Under the heading of Number of Groups Present, the number of 
eompounds In each ohief group having a total irrespective of kind of 
one«   two,  or three or more funotional groups  is tabulated.    In the three 
or more classification the great majority have three funotional groups. 
The lust two columns record the »average molecular weight  and the molecular 
weight range of each of the chief groups  respectively.    It  is to he noted 
that the moleoular weight range  is considerably shortened when the middle 
ninety percent  of the compounds  in a chief group are  considered.    Thus, 
the  range  of Group IV is shortened from  H5-234 to  175-245« 

In the  last row the fractions  of the ??7 repellent compounds 
having the  indicated properties are listed in percents.    However,   in 
order to evaluate these findings  it  is necessary to make a comparison 
between the rupellent and the corresponding non-repellent oompounds, that 
is to  suy to determine what percentage of the non-repellent compounds 
have oyclo  groups  etc.    As  a start  suoh a comparison was made in the  oase 
of broup IV eeters. 

Analysis of Group IV: 

A total of 763 Group IV esters have been tested;  of these,  70 
or 9.2 peroent  are repellent. 

Of the  70 repellent; esters  64 or 92. peroent fall in the moleoular 
weight ran^e  175~2i|9, whereas only 399 or £2, peroent of all esters tried 
fall in this  range. 

Or  looking  at  it  another way,   of the  399 esters  in the moleoular 
weight range 175-249.  64 or 16 peroent  are repellent.    Thus by limiting 
molecular weight to a range of  175-249 the ohanoes  of making a repellent 
ester will be  inoreased from;:9«2 to . 16_ percent or by 7j, peroent.    Therefore, 
moleoular weight***  is   important. 

Group IV Esters in the Moleoular w6lght Range  175-949 

A comparison between repellent and non-repellent esters with 
moleculür weights in the  range  175-?1|9  is presented in Table X.    The first 
oolumn of figures  gives  the number of repellent and non-repellent  asters 
in Group IV which fall  in the molecular weight  range  of 175""^9 und  finally 
at the bottom the percentage  of the total number tested which are repellent. 
The ntxt seven  columns tabulate the numbers and percentages of the 
repellent  and non-repsllt.nt compounds which oontain one or more  of tht. 
indioatcd groups with the oxoeition of the ester column which denotes di- 
cst-rs.    The  last three  columns give the numbers of rej.bllt.nt   and non- 
rej-ellunt  compounds which contain one,  two,   or three or more funotional 
groups. 

♦Actually wt believe that the vapor pressure of the compound at 37° C 
is the important factor and have merely u&ed moleoular weight by way of a 
crude   approximation of vapor pressure. 
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By oomparing the various percentages in the bottom row with the 
16 percent  average value,   it can he seen that the presence of oyolo, 
hydroxyl,   and ether groups enhances the ohances that a Group IV ester 
oandidate will be repellent»    It oan be further seen that the presence of 
a second ester group halves the chances  of obtaining a repellent«    Of 
particul r significance  is the  faot that 56 or 87.fr percent  of the repellent 
esters   in Group IV which fall in the molecular weight  range  175-249 possess 
three  or more functional groups, whereas  only 2l6 or 5A Peroent of all esters 
in this category have this number.    Also  of the ?16 esters containing three 
or more groups 56 or 26 peroent  are repellent.    Thus by choosing only esters 
whioh htive molecular weights  in the range  175-249 and possess three or more 
functional groups,  the chances that a candidate ester will be repellent have 
increased from 9»2 to g6 peroent«   an increase of 13d percent.    The  importance 
of the presenoe of three or more functional groups is further emphasized by 
the faot that only it.7 peroent of the difunctional compounds tried were 
repellent. 

Group IV Eaters In the Molecular Weight Range 175-249 
and Possessing Three or More Functional Groups» 

A comparison between the repellent and the non-repellent esters 
whioh have molecular weights in the range 175-249 and contain three or 
more functional groups is presented in Table XI«    This table was compiled 
in fashion similar to that desoribed for Table X. 

By comparing the various  percentages  in the bottom row with the 
g6 percent average for all oompounds  in this oategory the striking effeot 
of the  presence of a hydroxyl can be seen,   for it has   inoreased the  ohanoe 
that  a candidate will be a repellent  from ?6_ to 5^6, percent or by 115 
percent,    however,  enough compounds of this type have not been tried to 
make  the  result  statistically significant« 

Because of the unusual showing of the hydroxyl group in Table XI 
a comparison between repellent and non-repellent hydroxy-ester.s in the 
moleoular weight  range  175-949 was made and  is presented  in Table XII« 
This table w»s again compiled  in fashion similar to that desoribed for 
Table X. 

» 

In Table XII it  is noted that the hydroxyl group has a marked 
effeot on repellenoy,  particularly in cyolio  oompounds; however,   in 
conjunction with an ester group alone it is insufficient« 

In general it  is oonoluded that  in  seleoting a candidate  ester, 
the ester should hv/e a molecular weight between  175,*249   (preferably a 
boiling point between 00 and  1?0° C.   at 0,5 mm.)  and that it  should 
contain three or more functional groups*    Of these-groups the hydroxyl, 
oyolo,   and <-ther broups,   in that  order,  are notioeably beneficial whereas 
the presence  of a seoond ester  group  is  definitely detrimental«    Enough 
keto-esters have not been prepared to warrant any conclusions with regard 
to them.    Again it  is to be emphasized that these  conclusions are  the 
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This report conwns the performance results of 631 organic compow>ds, mixtures ami crel.l!UI 
which were tested as insect repellents. Among the promlslng insect repellents tested after 
appllcat1on to skin, 0-8133, 0·61S4, 0-8188, 0-6218, 0-6290, and 0 -6252 have passed acute 
to:dclty tests and have been submitted for 90 day subacute to:delty studies. 0- 8109, 0-8152, 0-6217, 
0-8228, O· e2S4 and 0- 8263 have passed acute to:dclty tests with some reservation and were not 
submitted to subacute to:dclty studies. Results have led to the coneluston that IJ> seleetlng a 
candidate repellent consideration. sboo.ld be _i!V.l!!\..~_bo!!!:!!&.PO.Int ~~Q•lUI Ip ifMnl 
a eandldate sllbllllfhlive"aoollllii paint fn tlie range ot110-i30•J0,5 mm and sbould be polyfunetional. 
54% of the candidates submitted with regRrd to these criteria were repellent. 

DISTRIBUTION: Copies of this report obtainable from Air Documents DIT1sion; Attn: KCIDXD 
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